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I. INTRODUCTION
The extent to which economic agents agree or disagree about the future path of inflation has become the subject of a growing theoretical and empirical literature. This interest in disagreement and its determinants is motivated by two arguments. First, disagreement about the future may lead to misallocation of resources and impose welfare costs, as is the case in models that deviate from the assumption of full-information rational expectations, such as those that feature sticky (Mankiw & Reis, 2002) or noisy information (Sims, 2003) . Second, disagreement about future inflation is thought to provide a proxy for the degree to which inflation expectations are well anchored, and is thus important for the conduct of monetary policy. 1 Our paper provides an empirical exploration of the determinants of disagreement about future inflation among professional forecasters. Following Capistrán & Ramos-Francia (2010) and Dovern, Fritsche & Slacacek (2012) , we rely on information reported by Consensus Economics surveys, but expand the sample substantially to cover a larger number of economies (44 in total, half of which are developing economies) and a substantial period after the Global Financial Crisis. In this larger sample, we confirm many of the findings from the literature: disagreement about future inflation: (i) increases in the level and volatility of inflation, and (ii) is counter-cyclical with respect to output, spiking during recessions. We also document that disagreement increases with global uncertainty, proxied by the VIX index.
We then ask whether two aspects of monetary policymaking-namely the adoption of inflation targeting (IT) regimes and increased central bank transparency-also affect disagreement among professional forecasters, and thus the anchor of inflation expectations. Large literatures have studied the gains from IT adoption and increased central bank transparency in terms of delivering price stability and anchoring expectations, yielding notably mixed and samplespecific results. This work has generally concluded that significant gains from IT adoption have been limited to developing economies, with studies on advanced economies usually yielding very small or nil effects.
2 While existing work on transparency has generally focused on advanced economies, there too evidence has been mixed, with even the sign of its impact on disagreement varying across studies. 1 See, for instance, the arguments presented in Capistrán & Ramos-Francia (2010) , Dovern, Fritsche & Slacacek (2012) , Ehrmann (2015) , and Kumar, Afrouzi, Coibion & Gorodnichenko (2015) . 2 See, for instance, Johnson (2002) , Ball & Sheridan (2004) and Gürkaynak, Levin, and Swanson (2010) for studies on advanced economies, and Vega & Winkelried (2005) , Gonçalves & Salles (2008) , Brito & Bystedt (2010) , Crowe (2010) and Capistrán & Ramos-Francia (2010) for studies that include developing economies. 3 In samples of advanced economies, Siklos (2013) finds that increasing transparency increased forecast disagreement, whereas Ehrmann, Eiffinger & Fratscher (2012) find that the relationship is negative but exhibits diminishing returns. Crowe & Meade (2008) consider a sample that includes both advanced and developing economies, finding evidence that increasing transparency improved the accuracy of private sector forecasts.
The added variation in our sample enables us to estimate the effects of these related treatments-the adoption of IT and increased central bank transparency-jointly, allowing us to reconcile the mixed evidence in previous studies. We start by confirming Capistrán & Ramos-Francia's (2010) finding that disagreement falls following IT adoption, but only in developing economies. We then provide three novel results:
First, we show that the distinction between advanced and developing economies also applies to the impact of transparency on disagreement. Increased transparency has indeed reduced disagreement, but these benefits have only accrued among developing economies.
Second, the gains that follow the adoption of IT regimes can be entirely accounted for by the effect of increased transparency. That is, for a given level of transparency, IT adoption has no marginal effect on forecast disagreement in advanced or developing countries.
Finally, the effect of transparency on disagreement is sufficiently non-linear to explain why the gains from IT adoption have been so sample-specific in the literature. Developing economies have tended to adopt inflation targeting from a much lower initial level of central bank transparency than their advanced economy counterparts. We show that this can account for why gains from IT adoption have been much stronger in samples of developing economies than in those that focus on advanced economies, where null results have been common in the literature.
An implication of our results is that the adoption of inflation targeting should not be considered a binary treatment in empirical studies. To the extent that adoption (i) is accompanied by reforms to the way policy is undertaken-namely, through increased transparency, and (ii) takes place from a low starting level of transparency, gains have indeed been substantial. However, in those cases where IT adoption has involved only the announcement of a numerical target, or when it has been adopted by central banks that already operate highly transparent frameworks, gains have been limited. The paper is organized as follows. In section II, we discuss the data and present summary statistics about our measure of disagreement. In section III, we present our empirical model of inflation forecast disagreement and discuss the results of our estimations. Section IV concludes and draws implications.
II. DATA
Our measure of inflation forecast disagreement is based on surveys of professional forecasters collected by Consensus Economics. The countries included in the sample are listed in Table 1 , and its cross-sectional size is plotted over time in Figure 1 . The survey began covering the G7 economies in October 1989, and the sample has since grown substantially since then. While subsets of this data have been employed in previous studies, this paper makes use of a considerably expanded panel, with responses from individual forecasters covering up to 44 economies from October 1989 to December 2016. 4 Each month, Consensus Economics collects forecasts from professional forecasters for their expected rate of inflation for the current and following calendar years. Since the forecast horizon shrinks over the calendar year, disagreement about inflation is expected to decline as the common information set grows relative to the forecast horizon.
Two strategies have been adopted in the literature to deal with the seasonal pattern displayed by the cross-sectional dispersion of these fixed-event forecasts. The first is to include month fixed effects in regression analysis.
5 It is not clear that this provides sufficient treatment for seasonality in a panel setting, however, since the rate of information release may differ across countries. A second strategy, which we follow here, is to construct a synthetic fixed-horizon forecast as a weighted average of the fixed-event forecasts.
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The one-year-ahead synthetic fixed-horizon forecast is constructed as the weighted average of the forecasts for the current ( � + ) and next calendar year ( � +12+ ), with weights that vary according to the date the forecast was produced:
where k is the months remaining in the year at the time the forecast was produced ( ϵ {1,2, … ,12}) at period t.
Following Mankiw, Reis, and Wolfers (2004) , we measure inflation forecast disagreement, , , as the interquartile range across individual synthetic fixed-horizon forecasts for country i in month t.
7 Figure 2 plots the empirical distribution of , in our full sample. Disagreement is widespread in our sample: for the median country-month, the interquartile range across individual forecasts is 0.38. Full sample B.
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Source: Authors' calculations based on data from Consensus Economics.
The distribution of disagreement is skewed to the left, with a small number of very large values of disagreement. Upon inspection, we note that these extreme values correspond to severe economic crises in developing economies. To avoid swaying estimation results based on a handful of outliers, we truncate the sample at the 99 th percentile of disagreement (where , = 9.9), thus discarding 100 observations. These excluded data correspond to periods of instability in Argentina, Brazil, Indonesia, Russia, Turkey, Ukraine, and Venezuela, during which the annual inflation rate averaged 332 percent, with a range of -34 to almost 5,000 percent.
Disagreement in the trimmed sample still contains substantial heterogeneity and remains somewhat skewed to the left, ranging from 0.1 to 9.9 percentage points, with a mean of 0.65 and a standard deviation of 0.97 percentage points. These values differ across income groups, with advanced economies (AE) displaying median disagreement of 0.30, compared to 0.56 in emerging market and developing economies (EMDE). Disagreement in the latter group is also more volatile, with a standard deviation of 1.36 versus only 0.26 in AEs. Figure 3 plots the evolution of disagreement about inflation by income group, taking medians across countries for each month. Two observations stand out. First, the degree of disagreement has tended to be higher for developing economies than for advanced economies. Second, the gap in disagreement among these groups has decreased significantly over time, and this convergence almost exclusively reflects the steady reduction of disagreement in developing economies.
III. AN EMPIRICAL MODEL OF DISAGREEMENT ABOUT INFLATION
In line with Capistrán and Ramos-Francia (2010) , Dovern, Fritsche, and Slacalek (2012) , and Ehrmann, Eijffinger, and Fratzscher (2012), we estimate a panel model of inflation forecast disagreement one year ahead:
where is a set of country fixed effects. The vector of country-specific explanatory variables
, is based on the empirical literature on the determinants of inflation forecast disagreement. Mankiw, Reis and Wolfers (2004) found that, in the United States, disagreement about future inflation is proportional to the level of realized inflation. We include the year-over-year change in the Consumer Price Index (CPI), obtained from the IMF International Financial Statistics database (IFS). In their research on G7 economies, Dovern, Fritsche, and Slacalek (2012) find that disagreement about future inflation is proportional to the variability of the shocks that hit the economy. We follow their approach, estimating the unobserved component stochastic volatility model proposed by Stock and Watson (2007) to estimate the time-varying volatility of inflation. Specifically, the model decomposes inflation into a permanent component and a transitory component ( = + ); where white noise innovations affect the permanent component ( = −1 + ). We include in , the estimated time-varying variance of shocks to the permanent component, � 2 .
While Mankiw, Reis and Wolfers (2004) estimate that disagreement about inflation has been acyclical with respect to output in the United States, Dovern, Fritsche, and Slacalek (2012) find that it has been countercyclical in the G7 economies, and has spiked during recessions. As a measure of economic slack, we include in , an estimate of the output gap. 7 To allow for a non-linear effect of large negative shocks, we also include a recession dummy when year-overyear growth is negative for two consecutive quarters. 8 We also include a limited number of common external variables in the vector * . Following Capistrán and Ramos-Francia (2010), we include a measure of global inflation, which they find to lead to increased disagreement in a large sample of countries. In a novel test, and under the familiar rationale that uncertainty about shocks hitting the economy will tend to increase disagreement about the future trajectory of macro variables--including inflation--we include the VIX index as a measure of external uncertainty in * . As a robustness check, reported in Appendix Table A1 , we remove the vector * and replace it with a full vector of monthly time fixed effects to control for unspecified common shocks to disagreement. Table 2 , column 1 reports the results of our estimation of this model using the full sample of monthly data from October 1989 through December 2016. To ease the interpretation of coefficients, we have expressed the disagreement variable in basis points of inflation. The results confirm many stylized facts that have been documented in the existing literature: (i) disagreement about inflation rises with the level of inflation, (ii) rises with the volatility of inflation, though the relationship is not statistically significant in all specifications, (iii) is countercyclical with respect to output, 9 (iv) and rises sharply during recessions. 7 We estimate the output gap by applying the Hodrick-Prescott (HP) filter with a smoothing parameter of 1,600 to each country's quarterly real GDP series from the IMF's International Financial Statistics database. 8 The monthly recession dummy takes a value of one in every month of a recessionary quarter, and zero otherwise. In our estimation sample, the frequency of recessions is about 11%. 9 Interestingly, the countercyclicality of disagreement with respect to output depends on using a two-sided HP filter to estimate the output gap, as we have done in our baseline specification in line with the literature (see, for instance, Dovern, Fritsche and Slacalek, 2012 ). When we re-estimate the output gap recursively in order to approximate the information set available at the time the forecast was made, the magnitude of this coefficient shrinks considerably and becomes statistically indistinguishable from zero. All other coefficients remain largely unaffected.
For a given level of domestic inflation, global inflation does not seem to have an additional effect on disagreement. Finally, we find the novel result that disagreement about inflation rises sharply with global uncertainty. The strength of this relationship is large: during the Global Financial Crisis, the VIX index rose suddenly from 25 to over 60, and our estimates imply that this move would raise disagreement about inflation by around 17 basis points on average.
Does the adoption of an IT regime anchor inflation expectations?
We augment equation (1) with a dummy variable indicating the adoption of an inflation targeting regime:
where [ ] , is a dummy variable that is equal to one when a country operates an inflation targeting regime, and zero otherwise. 10 The treatment variable has been lagged one year in order to mitigate endogeneity in the relationship between disagreement and the adoption of an IT regime. Table 2 , column 2 reports the results of estimating equation 2. On average, countries operating an IT regime display lower disagreement than those that operate other monetary policy frameworks. Gonçalves and Salles (2008) argue that the gains from IT adoption in terms of price stability are strongest among developing economies, in contrast to earlier null results that had been based on the experience of advanced economies. In column 3, we add an interaction term between IT adoption and an EMDE dummy, replicating a result documented by Capistrán and Ramos-Francia (2010) : the reduction in disagreement from IT adoption accrues exclusively to developing economies, where the marginal impact is larger than in the full sample, with no impact among advanced economies. Table 1 are based on Capistrán and Ramos-Francia (2010), which we have updated and expanded with information from central bank websites. 11 Table 2 , column 4 is included for completeness, to ensure that the results discussed so far are consistent when the sample period is restricted to the coverage of the Dincer & Eichengreen (2014) index, which will limit the sample used in columns 5 through 10. 
Reconciling sample-specific results: What drives gains from IT adoption?
Why do the gains to IT adoption appear so sample specific, and tend to favor developing economies? Our explanation is based on the argument that IT adoption should not be considered a binary treatment, because it embodies vastly different experiences. The adoption of an IT regime is closely associated with increased central bank transparency. By definition, adoption implies the announcement of a numerical target for inflation. But it can also involve many additional changes to the way monetary policy is conducted. These commonly include the publication of regular reports explaining the plans, objectives, and decisions of the monetary authority, which may include the data and forecasts for key macroeconomic variables underpinning decisions. It can also involve the introduction of a range of communication tools such as statements, meeting minutes, and interviews that reduce the asymmetry of information between policymakers and the public (Mishkin, 2000) . The preparation of these products usually requires hiring additional technical staff, and changing the internal processes of the decision-making process.
Many of these aspects of policymaking are captured in the index of central bank transparency constructed by Dincer & Eichengreen (2014) , which takes values between 1 and 15. The index covers five categories that measure political, economic, procedural, policy, and operational aspects of central bank transparency. 13 Figure 4 , Panel A displays the median evolution of central bank transparency surrounding the 15 IT adoption events in our dataset. The median IT adoption involves an increase in transparency of about 3.5 points on the 1-15 scale, but this masks substantial heterogeneity across events. As Panel B shows, there are episodes of IT adoption that involve very large increases in transparency, but others that involve hardly any change. To understand the gains from IT adoption, this heterogeneity must be taken into account.
But does increased central bank transparency anchors expectations by reducing disagreement? Morris and Shin (2002) argue that, in theory, the gains from transparency could go either way, and depend on the relative accuracy of public and private information sources. The empirical literature has produced similarly mixed answers to this question. Ehrmann, Eijffinger & Fratzscher (2012) study a sample of 12 advanced economies, and find that increased transparency leads to sizeable reductions in disagreement. However, Siklos (2013) studies a subset of these countries and finds that impacts vary substantially across countries, being generally either nil or positive, and thus that more transparency increases disagreement on average.
To test the impact of increased central bank transparency on our more diverse sample of countries, we substitute the index for the IT treatment variable in equation (2):
where , corresponds to the index of central bank transparency from Dincer & Eichengreen (2014) , which we have again lagged by one year to mitigate endogeneity concerns. Results for this specification are reported in Table 2 column 5, where we find an average effect that increasing transparency by 1 point reduces disagreement by almost 4 basis points. In column 6, we interact , with a dummy variable for developing economies. In line with our results for IT adoption, we find that the impact of increasing transparency on disagreement is strong among EMDEs, with each point on the scale reducing disagreement by 6.5 basis points. Among the 22 advanced economies in our sample, however, the average effect of transparency on disagreement is nil.
Importantly, the benefits from increasing transparency may exhibit diminishing returns (Walsh, 2007) . This result has been documented empirically by Ehrmann, Eijffinger & Fratzscher (2012) , and to test for it in our sample we augment equation (3) with a quadratic term, , −12 2 . In our broad sample of countries, the effect of transparency on disagreement is inversely proportional to the level of transparency. For instance, increasing the transparency score from 3 to 5 is estimated to reduce disagreement by 25 basis points, while increasing transparency from 8 to 10 points leads to a reduction in disagreement of only 4 basis points. In line with Van der Cruijsen, Eijffinger and Hoogduin (2010) , the non-linearity is strong enough that the marginal returns become negative for values of transparency greater than 10 points, suggesting the existence of an optimal degree of transparency.
14 We have argued that IT adoption and increased transparency are closely related, but that the latter gives a better description of de facto changes to the monetary policy regime. To what extent is transparency sufficient to summarize the gains from IT adoption? We estimate an augmented model that includes both IT adoption and transparency treatment variables, reporting the results in column 9. Note that while the relationship between transparency and disagreement remains unchanged from column 7, the significance of IT adoption in developing economies is indistinguishable from zero. That is to say, IT adoption has lowered disagreement only to the extent that it has involved an increase in central bank transparency. For a given level of transparency, IT adoption has not provided an additional anchor for expectations in either advanced or developing economies.
Taken together, these results explain why the gains from IT adoption have been so samplespecific, and have tended to be larger among developing economies. For countries that adopted IT from a low starting level of transparency--as has tended to be the case among developing economies--the gains in terms of reduced disagreement have been large. For those that adopted IT while already operating at high levels of transparency, the gains have been much smaller.
To verify this conclusion, we estimate a model that interacts the IT adoption dummy with a categorical variable that splits the sample into three equal categories according to their level of transparency in 1998. We report the results in Table 2 , column 10. Gains from IT adoption accrue to the economies that were in the lower third of transparency at the start of the period, whereas those in the group of higher transparency countries see no gains from adopting inflation targeting. Of the 14 countries in the low-transparency bucket, 13 are developing economies. In contrast, of the 15 countries in the high-transparency bucket, 14 are advanced economies.
IV. CONCLUSION
We estimate the determinants of disagreement about future inflation among professional forecasters. In a wider and longer panel, we confirm a number of stylized facts from the literature. Disagreement about inflation: (i) increases in the level and volatility of inflation, and
(ii) is counter-cyclical with respect to output, spiking during recessions. We also provide novel evidence that disagreement increases with global uncertainty, proxied by the VIX index.
We then study the effects of the adoption of inflation targeting regimes on the degree of disagreement about future inflation, which has been used as a proxy for the degree of anchoring of inflation expectation. We confirm the existing result that the adoption of an IT regime reduces the degree of disagreement on average, but that this effect is only observed among developing economies, with no significant effect among advanced economies.
Jointly testing the effects of a related treatment variable--the degree of central bank transparency--allows us to reconcile mixed results in the empirical literature on the benefits of IT adoption. First, we show that there is substantial heterogeneity in the degree to which transparency is increased surrounding IT adoption episodes, and that the gains from IT adoption accrue exclusively through increases in transparency. Second, we show that the decreasing returns in the relationship between transparency and disagreement are strong, with gains from transparency accruing mainly to countries that start from a relatively low level of transparency.
Taken together, these findings explain why the gains from IT adoption have been samplespecific in the existing literature, tending to favor developing economies. When adoption has been accompanied by substantial increases in transparency, and from a low initial level of transparency, the gains have been large. In contrast, adoptions that involve little change in transparency, or that are initiated when transparency is already high, have yielded much smaller gains.
Understanding the mechanisms behind the gains from central bank transparency--including their apparent non-linearity--will require additional research. A promising avenue for empirical work involves determining which sub-components of the Dincer & Eichengreen (2014) index deliver the greatest gains. 1989m10 1989m10 1989m10 1999m1 1999m1 1999m1 1999m1 1999m1 1999m1 1999m1 End 2016m12 2016m12 2016m12 2015m12 2015m12 2015m12 2015m12 2015m12 2015m12 2015m12 IT countries No
APPENDIX

